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Mean centered exposure explanation
We used mean centered exposures to adjust for between-subject and between-phase exposure effects as proposed by Sheppard et al. (2005) . The focus of the analysis is on the effect of within-subject, within-phase mean centered exposure. This approach is summarized here.
Group outdoor air pollutant exposures are assigned to each participant in each of their two phases of study (5-day ambulatory monitoring periods). Pollutant associations with HRV or arrhythmia measurements can be decomposed into three separate components: the betweensubject effect; the within-subject, between-phase effect; and the within-subject, within-phase effect. The between-subject effect of exposure is the degree to which an outcome is associated with differences in the air pollutants across participants. This effect estimate is potentially confounded by time-independent factors, such as the region of the retirement community or health-related activities in the community or among some participants. The within-subject, between-phase effect of exposures effect is the degree to which an outcome is associated with differences in the air pollutants across phases. Because the study phases occurred at different times for each subject, this effect estimate may be confounded by season. The within-phase, within-subject effect of exposure is the degree to which an outcome is associated with differences in the air pollutants when comparing across daily (or hourly) measurements within the same 5-day phase for the same participant. This third component of the exposure-outcome relationship is less susceptible to confounding by unmeasured factors that differ by season or by participant.
The following variables are entered as predictors in each model in order to accommodate the three components of the exposure-outcome relationship:
Xk , the average exposure for subject k. The coefficient for this variable is an estimate of the between-subject component of the exposure-outcome relationship.
Xjk − Xk , the average exposure for subject k in phase j minus the average exposure for subject k. The coefficient for this variable is an estimate of the within-subject, between-phase component of the exposure-outcome relationship.
Xjkm − Xjk , the current or lagged exposure corresponding to the outcome measurement on day (or hour) m for subject k in phase j minus the average exposure for subject k in phase j. Hourly ECG HRV outcomes in relation to air pollutants also measured on an hourly basis. Pollutant exposures are moving averages for the hour including the HRV measurement as well as previous hours for exposures with averaging times of more than one hour. All models are adjusted for adjusted for average actigraph-derived physical activity and heart rate for the same hour, temperature of the same lag average, day of week, time of day, seasonal study phase (mean centered exposure), and community group (mean centered exposure). * p < 0.1, ** p < 0.05, # p < 0.01
